Aims. Revealing the fragmentation, infall, and outflow processes in the immediate environment around massive young stellar objects is crucial for understanding the formation of the most massive stars. Methods. With this goal in mind we present the so far highest spatial-resolution thermal submm line and continuum observations toward the young high-mass protostar NGC7538 IRS1. Using the Plateau de Bure Interferometer in its most extended configuration at 843 µm wavelength, we achieved a spatial resolution of 0.2 ′′ × 0.17 ′′ , corresponding to ∼500 AU at a distance of 2.7 kpc. Results. For the first time, we have observed the fragmentation of the dense inner core of this region with at least three subsources within the inner 3000 AU. The outflow exhibits blue-and red-shifted emission on both sides of the central source indicating that the current orientation has to be close to the line-of-sight, which differs from other recent models. We observe rotational signatures in northeast-southwest direction; however, even on scales of 500 AU, we do not identify any Keplerian rotation signatures. This implies that during the early evolutionary stages any stable Keplerian inner disk has to be very small (≤ 500) AU). The high-energy line HCN(4 − 3)v 2 = 1 (E − u/k = 1050 K) is detected over an extent of approximately 3000 AU. In addition to this, the detection of red-shifted absorption from this line toward the central dust continuum peak position allows us to estimate infall rates of ∼ 1.8 × 10 −3 M ⊙ yr −1 on the smallest spatial scales. Although all that gas will not necessarily be accreted onto the central protostar, nevertheless, such inner core infall rates are among the best proxies of the actual accretion rates one can derive during the early embedded star formation phase. These data are consistent with collapse simulations and the observed high multiplicity of massive stars.
Introduction
High-mass stars are known to usually form as multiple objects in the center of dense clusters (e.g., Zinnecker & Yorke 2007) . With their large energy output throughout their whole lifetime and their clustered nature, they are among the most important ingredients of the Milky Way and extragalactic systems. However, their actual formation processes are still not well constrained (e.g., McKee & Ostriker 2007; Beuther et al. 2007a; Zinnecker & Yorke 2007) . Particularly important questions relate to the fragmentation of the innermost dense cores and the formation of massive accretion disks (e.g., Krumholz et al. 2007b Krumholz et al. , 2009 Beuther et al. 2007b; Bontemps et al. 2010; Peters et al. 2010; Commerçon et al. 2011; Kuiper et al. 2011 Kuiper et al. , 2012 . While Keplerian accretion disks have been found from low-to intermediate-mass star-forming regions (e.g., Simon et al. 2000; Schreyer et al. 2002; Cesaroni et al. 2005) , high-mass star-forming regions have so far usually exhibited non-Keplerian rotation signatures on scales between a few 1000 AU and 0.1 pc (e.g., Cesaroni et al. 2007; Fallscheer et al. 2009; Beltrán et al. 2011) . Since collimated outflows also exist in high-mass star formation (e.g., Beuther et al. 2002b,a; Zhang et al. 2005) , and these outflows require stable inner accretion disks for the launching (e.g., Vaidya et al. 2009 ), Keplerian ⋆ Based on observations carried out with the IRAM Plateau de Bure Interferometer. IRAM is supported by INSU/CNRS (France), MPG (Germany) and IGN (Spain) . The data are available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/ disks are also expected around young high-mass stars with masses >8 M ⊙ . The fact that the latter are still observationally not detected in thermal line emission indicates that these stable Keplerian structures are likely smaller than the previous spatial resolution limit of thermal line emission on the order of several 1000 AU. Interestingly, our target source NGC7538 IRS1 exhibits velocity signatures consistent with a Keplerian disk observed in non-thermal maser emission on much smaller spatial scales (Pestalozzi et al., 2004) . However, these maser features are controversially discussed and are ambiguous (see next paragraph, De Pestalozzi et al. 2009) .
Addressing this spatial resolution challenge, we studied one of the best northern hemisphere high-mass accretion disk candidates NGC7538 IRS1 with the Plateau de Bure Interferometer (PdBI) in the 1.3 mm wavelength window at ∼ 0.3 ′′ (Beuther et al., 2012a) . At the approximate distance of ∼ 2.7 kpc (Moscadelli et al., 2009; Puga et al., 2010) , this corresponds to a linear resolution of ∼ 800 AU. NGC7538 IRS1 had already previously been extensively investigated. The central energy source is estimated to be an O6 star with a mass of ∼30 M ⊙ and a luminosity of ∼ 8 × 10 4 L ⊙ (e.g., Willner 1976; Campbell & Thompson 1984; Gaume et al. 1995; Pestalozzi et al. 2004; Sandell & Sievers 2004; Reid & Wilson 2005) . While Campbell (1984) , Gaume et al. (1995) and Sandell et al. (2009) report an ionized jet in the north-south direction, Minier et al. (2000) and Pestalozzi et al. (2004 Pestalozzi et al. ( , 2009 present the detection of CH 3 OH class II masers at 6.7 and 12.2 GHz, which is indicative of an accretion disk perpendicular to the outflow. Partly different interpretations arise from mid-infrared continuum imaging (De Buizer & Minier, 2005) that detect a disk-like structure in the northeast-southwestern direction perpendicular to the molecular outflow (Keto, 1991; Davis et al., 1998) . Figure 1 shows the various outflow/disk axes discussed in the literature so far. Setting high-spatial-resolution near-infrared speckle images of the region into context with the existing data, Kraus et al. (2006) propose precession of the underlying disk-jet structure as the main reason for observing different axis orientations. Furthermore, Hoffman et al. (2003) report high-spatial-resolution observations of the rare H 2 CO maser emission that is also consistent with a very young disk candidate (cf. Araya et al. 2007 ). In addition to the proposed CH 3 OH maser disk, Minier et al. (2000) identified a few additional CH 3 OH maser positions, several of them approximately in the east-west direction but one also in the south of the core (Fig. 1 ). All these additional maser components are blueshifted with respect to the v lsr and the southern position is said to be associated with the ionized north-south jet (Minier et al., 2001) . Qiu et al. (2011) observed red-shifted absorption toward NGC7538IRS, which they interpret as infall motions of the dense gas.
Resolving this region with the PdBI in the 1.3 mm continuum emission, as well as several spectral lines at ∼800 AU resolution, the source still remains one compact continuum core without evidence of significant fragmentation (Beuther et al., 2012a) . Furthermore, in the dense gas spectral lines, we identified a velocity gradient in the northeast-southwest direction that is consistent with the mid-infrared disk hypothesis of De Buizer & Minier (2005) . However, the velocity profiles are strongly affected by absorption against the strong continuum, which made interpretating of velocity structures from a potential disk almost impossible. Nevertheless, the absorption profiles allowed us to estimate approximate mass infall rates on the order of 10 −2 M ⊙ yr −1 . Based on these exciting results, we now aim to resolve and study this promising massive disk candidate at the highest spatial resolution possible in pre-and early-ALMA (Atacama Large Millimeter Array) time, as well as in higher excited lines that may not be as affected by the absorption than the lines of the previous studies. It should also be noted that this important northern-sky star-forming region will never be accessible with ALMA. Therefore, we observed NGC7538 IRS1 at the shortest wavelengths accessible with the PdBI at 843 µm in its most extended configuration. These observations resolve the submm continuum and spectral line emission (HCN(4 − 3)v 2 = 1, CH 3 OH(15 1,14 −15 0,15 ) and HCO + (4−3)) at previously unaccessible 0.2 ′′ × 0.17 ′′ spatial resolution corresponding to linear resolution elements of ∼500 AU. Questions we are addressing with these observations are: What are the fragmentation properties of the innermost core region? What are the rotational properties of that entity? How does the innermost outflow structure relate to the rotational structure? The full line contour levels start at 3σ values and continue in 1σ steps of 50 mJy beam −1 (black contours from 3 to 9σ, white contours from 10 to to 14σ). The dashed contour shows the same negative levels. The thick full line presents the 4σ contour (1σ ∼ 29 mJy beam −1 ) from the 1.36 mm data presented in Beuther et al. (2012a) . Several potential disk and outflow axes reported in the literature are presented (Davis et al. 1998; De Buizer & Minier 2005; Sandell et al. 2009; Pestalozzi et al. 2004 Pestalozzi et al. , 2009 Sandell & Wright 2010 , see Introduction for more details). The thick line presents the axis along which the position-velocity diagrams in Figure 4 are conducted. The northern and northwestern peaks submmN and submmNW are labeled, and the open star, the six-pointed star, and the white triangles mark the positions of the OH, H 2 CO, and additional CH 3 OH masers (Argon et al., 2000; Hoffman et al., 2003; Minier et al., 2001 Sandell & Wright 2010) . The data were inverted with a "robust" weighting scheme and cleaned with the Clark algorithm. The synthesized beam of the final continuum and line data is ∼ 0.2 ′′ × 0.17 ′′ (PA 93 • ). While NGC7538 IRS1 is extraordinarily strong in line and continuum emission, NGC7538S is much weaker -it was not detected in the spectral lines -and even imaging of the continuum was difficult. Therefore, we do not discuss the NGC7538S data. 
Observations

Results and discussion
3.1. Fragmentation of the innermost core in the 843 µm continuum emission Figure 1 presents the highest angular-resolution submm continuum image (843 µm or 356 GHz) that has, to the authors' knowledge, ever been obtained from a high-mass protostar and disk region. The synthesized beam of 0.2 ′′ × 0.17 ′′ corresponds at the given distance of 2.7 kpc to a spatial resolution element of approximately 500 AU. For the first, therefore, time we resolve the structures where not only the massive dense cores but also the proposed embedded high-mass disks are expected to fragment (e.g., Krumholz et al. 2007a) .
While the lower resolution 1.36 mm image in Beuther et al. (2012a) consisted mainly of an unresolved point source with only very little extended emission at low intensities, the new 843 µm data now reveal substructure within the inner ∼3000 AU of the region. In addition to spatially resolving the central peak into an elongated structure with a subpeak about 0.3 ′′ (∼ 900 AU) north of the main peak ( Fig. 1 ), there appears to be a secondary structure toward the northwest of the main peak. While the arm-like structure is at the 3-4σ level, the northwestern peak of that arm (offset −0.11 ′′ /0.36 ′′ or ∼ 1300 AU, labeled submmNW in Fig. 1 ) is above 5σ. The lowest 4σ contour of the previous 1.36 mm data (1σ ∼ 29 mJy beam −1 , Beuther et al. 2012a) shows only a weak extension in that direction. The peak 843 µm flux from submmNW is ∼0.27 mJy beam −1 , and assuming a ν 4 flux dependence at (sub)mm wavelength, which translates into a 1.36 mm flux of ∼40 mJy beam −1 . This is below the 2σ level of the previous 1.36 mm data, so it explains the nondetection at the longer wavelengths. The detection of fragmenting substructure in the dense core/disk at the shorter wavelengths shows the power of this wavelength range.
The peak and integrated (above 3σ level) 843 µm fluxes extracted from Fig. 1 are 0.74 Jy beam −1 and 3.38 Jy, respectively. At the given spatial resolution, the peak and 3σ fluxes of 0.74 and 0.15 Jy beam −1 correspond to brightness temperatures from the peak to the edge between 219 and 51 K. Reid & Wilson (2005) report an 850 µm single-dish continuum peak flux of 18.1 Jy beam −1 , which implies that our interferometer observations filter out approximately 80% of the total flux. To calculate masses and column densities, it is important to estimate the free-free contribution to the total flux measured at the given wavelengths. While the free-free emission has approximately a ν 2 dependence in the optically thick regime, it turns almost flat (ν −0.1 ) in the optically thin regime. As a result, if one knows the turnover frequency between the two regimes such an estimate is relatively easy. However, that turnover frequency has not been determined yet for NGC7538 IRS1. Sandell et al. (2009) compiled the cm wavelength fluxes and find rising fluxes up to 43.4 GHz where they measure a flux of ∼430 mJy toward the central elongated but still compact core (size 0.2 ′′ × 0.14 ′′ , smaller than our synthesized beam). This value can be considered as a lower limit of the free-free contribution even at submm wavelengths. But because the spectral energy distribution has not reached the optically thin regime at that wavelength yet, giving an upper limit is difficult. In our previous 1.36 mm study we assumed 1 Jy as a free-free flux contribution; however, that is obviously too high because we only measure 0.74 Jy beam −1 peak flux in our new submm PdBI data. As an approximation, we assume 0.5 Jy as a free-free flux contribution at 843 µm, which results in a dust-related peak and integrated fluxes at that wavelength of 0.24 Jy beam −1 and 2.88 Jy, respectively. Interestingly, after correcting for the free-free emission, the dust related 843 µm peak flux from the central peak is very close to that measured from the northern peak (submmN) with ∼0.26 mJy beam −1 and the northwestern extension peak (submmNW) with ∼0.27 mJy beam −1 . While even submmN and submmNW may make free-free contributions to the measured flux, based on the published cm data, this potential contribution should be very small (Sandell et al., 2009) .
Assuming optically thin emission of dust at submm wavelength at an approximate temperature of 245 K (Qiu et al., 2011 ) with a dust opacity κ ∼ 1.8 cm 2 g −1 (extrapolated from Ossenkopf & Henning 1994 for densities of 10 6 cm −3 and dust with thin ice mantles) and a gas-to-dust mass ratio of 186 (Jenkins, 2004; Draine et al., 2007) , the integrated flux corresponds to a total mass of the submm structure of ∼11 M ⊙ . Using the peak fluxes to estimate the mass contributions of resolved fragments (central submmN and submmNW), they have similar values with 0.9, 1.1, and 1.0 M ⊙ , respectively. The gas column densities toward the central peak, as well as submmN and submmNW, are approximately the same with 0.9 × 10 25 , 1.0 × 10 25 , and 1.0 × 10 25 cm −2 , respectively. This corresponds to very high visual extinction values around 10 5 mag. For comparison, assuming ISM dust properties (Mathis et al., 1977) in the classical Hildebrand (1983) picture the masses and column densities would be higher with values of ∼25 M ⊙ , 2.0 × 10 25 , 2.1 × 10 25 , and 2.2 × 10 25 cm −2 , respectively. Independent of the assumed dust properties, the detection of a central infrared source (e.g., Puga et al. 2010) , in spite of such extremely high gas column density and extinction values, indicates that the outflow is likely to be aligned not to far off the line-of-sight excavating a cavity through which we can peer into the center (see section 3.2.3).
In addition to the fragmenting structures on 1000 AU scales, the extremely high spatial resolution of this continuum map also reveals an elongation of the central peak around NGC7538 IRS1. At the > 10σ level, the 843 µm emission appears elongated along an axis approximately inbetween the north-south jet axis and the northeast-southwest mid-infrared and molecular disk axis marked in Figure 1 . This orientation of the elongation reflects the likely situation that the submm emission receives contributions from the assumed underlying dusty disk, as well as from the ionized jet. However, we cannot exclude that the elongation could also be due to an unresolved binary. Kraus et al. (2006) do not find any equal brightness binary at their spatial resolution limit of 70 mas, but their proposed precession model requires a very close and unresolved binary component. Furthermore, the data reveal elongated and more extended emission ∼ 0.3 ′′ east of the main peak. While this emission can be part of the smoother envelope emission, it may also host another unresolved subsource in the region.
The fragmenting core structure is consistent with -if not a prerequisite for -the observed high degree of multiplicity and Trapezia systems in high-mass star formation (e.g., Zinnecker & Yorke 2007) . While fragmentation can also be suppressed, for example, by magnetic fields (e.g., Commerçon et al. 2011) , recent hydrodynamical simulations of collapsing gas clumps predict the fragmentation of the rotating cores/disks and Fig. 2 . The color scales in the left panels present the 0th moment (bottom, integrated intensity) and 1st moment (top, intensity weighted velocity) maps of the HCN(4-3)v 2 = 1 emission. In the middle and right panels, the color-scale shows the 0th and 1st moment maps (bottom and top, respectively) of CH 3 OH(15 1,14 − 15 0,15 ). Black contours in all panels outline the dust continuum emission (Fig. 1) starting at the 3σ level and continuing in 2σ steps. The blue and red contours in the right panel show the blue-and red-shifted HCO + (4 − 3) emission integrated over the velocity regimes written above the panel. Contouring is done from 10 to 90% of the respective peak emission. The white triangles present the additional maser positions by Minier et al. (2000) , and a beam and scale bar are presented as well. The CH 3 OH 1st moment map also marks the axis along which the position-velocity cuts in Fig. 4 are conducted. even competitive accretion between the different subfragments within the disk (Krumholz et al., 2009; Peters et al., 2010) . The model-predicted fragmentation scales of the inner core/disk structures range between several 100 and a few 1000 AU, resembling the observed structures fairly closely.
Gas kinematics
The spectral line data also allow us to investigate the gas kinematics of the different components in more detail. Figure 2 gives an overview of the HCN(4 − 3)v 2 = 1), CH 3 OH(15 1,14 − 15 0,15 ), and HCO + (4 − 3) results. While we show for HCN(4 − 3)v 2 = 1 and CH 3 OH(15 1,14 −15 0,15 ) zeroth (integrated intensity) and first moment maps (intensity-weighted velocities), the blue-and redshifted high-velocity gas is presented for HCO + (4 − 3). Figure 3 additionally shows the spectra of all three lines extracted toward the continuum peak, as well as the HCO + (4 − 3) spectra toward the blue-and red-shifted outflow peak positions.
While both high-density tracers -HCN(4 − 3)v 2 = 1 and CH 3 OH(15 1,14 − 15 0,15 ) -clearly show the northeast-southwest velocity gradient of the underlying rotating core/disk structure on scales of approximately 3000 AU, it is interesting that the highest excited HCN(4 − 3)v 2 = 1 line with an upper energy level E u /k of 1050 K still exhibits the central absorption features. Considering the peak brightness temperature of the continuum emission of 219 K, this implies that the beam-averaged excitation temperature of the spectral line has to be lower than that. At the high densities within the core, the same applies to the beam-averaged gas kinetic temperatures. The E u /k = 278 K CH 3 OH(15 1,14 − 15 0,15 ) line is among the few lines that do not show any absorption at high spatial resolution. From the suite of lines presented in Beuther et al. (2012a) , that covers a broad range of energy levels between 21 and 326 K, only the optically thin methyl-cyanide isotopologue CH 13 3 CN did not show any prominent absorption feature. Since the CH 3 OH(15 1,14 − 15 0,15 ) line is very strong and probably not optically thin, it does not seem to be an optical depth effect here. Why this line does not show up in absorption is not exactly clear yet. However, it is known that many CH 3 OH transitions are potential masers. One condition for the inversion population for masers is a negative excitation temperature. On the way to inversion population, the excitation temperature first asymptotically rises to high T ex (e.g., Stahler & Palla 2005, Fig. 14.6) before it inverts and becomes negative. Hence, even in the non-masing state, a molecule like CH 3 OH may more easily exhibit high excitation temperatures and thus less absorption than most other molecules. Independent of that, the CH 3 OH emission line is very useful for studying the rotational properties of the core without absorption artifacts. Fig. 3 . The top three continuum-subtracted spectra are extracted for HCN, CH 3 OH and HCO + toward the central peak position (offset 0.1 ′′ / − 0.2 ′′ ). The bottom spectrum shows the HCO + spectra from the blue-and red-shifted outflow peak positions presented in Fig. 2 
Rotational properties
While a rotating inner envelope and/or disk structure is already evident from the first moment map (Fig. 2) , to investigate whether a Keplerian accretion disk can be identified with the new data, Figure 4 presents position-velocity cuts for HCN(4−3)v 2 = 1) and CH 3 OH(15 1,14 − 15 0,15 ) along the northeast-southwest axis most likely representing the orientation of the proposed embedded disk. This axis is not exactly aligned with the extension of the continuum emission (Sec. 3.1), but it is the axis of the strongest velocity gradient (Figs. 1 & 2) . Although we identify a clear velocity gradient across the core, thereby confirming its general rotation, the position-velocity diagram is not consistent with Keplerian rotation, but the data instead exhibit sub-Keplerian motions of the gas. To visualize this, Fig. 4 shows the position-velocity signatures one would expect for a central 30 M ⊙ and 8 M ⊙ star. Obviously, none of these rotation curves fits the observations, which implies that we still miss clear signatures of a Keplerian accretion disk around genuine high-mass young stellar objects. While Keplerian disks have been identified and studied intensively for low-mass TTauri stars (e.g., Simon et al. 2000) , Keplerian rotation has been identified only in a few cases around early B-type stars (e.g., AFGL490 or IRAS 20126, Schreyer et al. 2002; Cesaroni et al. 2005) . However, in the high-mass regime mainly larger scale rotating toroids have been found (e.g., Cesaroni et al. 2007; Fallscheer et al. 2009 ). Recently, a large PdBI survey of several low-mass class 0 sources did not identify any Keplerian disk on scales larger than 50 AU (Maury et al. 2010, Maury et al. in prep.) . This implies that the real Keplerian disks around very young low-mass protostars have to be very small in size. Extrapolating this picture to the high-mass sources, we have also not found Keplerian disks on scales > 500 AU. One should keep in mind that the rotating envelope mass of around 11 M ⊙ is a significant fraction of the reported stellar mass of 30 M ⊙ (which is an upper limit because the mass estimates based on the luminosity do not properly take the potential accretion luminosity into account). Since a requirement for Keplerian rotation is that the disk mass is negligible compared to the mass of the central object, real Keplerian signatures may not even be expected on these larger scales. Since in both the low-mass and high-mass cases, collimated outflows are known that indicate stable disks for their launching, in the high-mass case we also have to achieve better spatial resolution and search for these entities on still smaller scales. Small inner Keplerian disks are also consistent with near-infrared spectral line observation results (e.g., Thi & Bik 2005; Wheelwright et al. 2010; Ilee et al. 2013.) In principle, one could fathom such a small inner accretion disk also in the ionized gas, however, high-spatial-resolution recombination line studies of this region also exhibit the north-south jet-structure with very broad recombination lines (Gaume et al., 1995) . These are more straightforwardly interpreted in the framework of an outflow/wind model for the ionized gas.
It is interesting to note that the additional blue-shifted CH 3 OH maser components that are not part of the proposed Keplerian disk but found a bit offset (Figs. 1 and 2 , Minier et al. 2000 Minier et al. , 2001 are spatially and velocity-wise correlated with the rotating gas observed in HCN and CH 3 OH and less with the inverse velocity-structure seen in HCO + . This strongly indicates that the masers are not part of the outflow but of the inner rotating core.
Infall rates
The HCN(4 − 3)v 2 = 1 spectrum extracted toward the submm peak positions exhibits clear blue-and red-shifted absorption signatures. Knez et al. (2009) found similar spectral absorption signatures in spectral line observations at mid-infrared wavelengths, and they interpret their data in the framework of absorption from a nearly edge-on disk. We think that the expected underlying embedded disk-structure is currently unlikely to be too close to edge-on but has to have a considerable inclination angle mainly for two reasons: (1) If a flattened disk-like structure were fully edge-on, the central source would be highly extincted and no or barely any emission would be expected to escape at near-infrared wavelengths. In contrast to that picture, nearinfrared observations detect a central source (e.g., Puga et al. 2010) . While the infrared emission could also in principle be due to scattered light from the outflow cone (e.g., Kraus et al. 2006 ), a simpler way to explain such a detection in the presence of high column densities and extinctions as reported in section 3.1 is that one observes the region at least at medium inclination through the cleared-out outflow cavity. (2) Furthermore, the velocity structure observed in HCO + (3-2) (see section 3.2.3) indicates that we have to look at least to some degree into the cavity of the outflow. An additional aspect of the whole region to be considered is the strong precession of the disk-outflow system proposed by Kraus et al. (2006) . While such precession cannot only change the projected angle of the outflow on the plane of the sky, it would also change the inclination to the observer. Therefore, in this precession model it is possible that the outflow cone is closer to the line-of-sight during different time steps in the evolution of the system. Therefore, we favor a geometry with the outflow orientation being closer to the line of sight where any flattened disk-like structure has to be closer to face-on. Deriving an exact inclination angle is not possible with the given data. In this framework, the blue-shifted absorption should stem from outflowing gas, whereas the red-shifted absorption indicates infalling gas. Observing this infall in a line with E u /k higher than 1000 K implies that the infall continues down to the innermost region around the star. Although it is unclear what fraction of the gas will finally be accreted, infall rates estimated from these signatures should give an upper limit for the actual accretion rates.
Assuming a spherical infall geometry, one can estimate mass infall rates viaṀ in = 4πr 2 ρv in whereṀ in and v in are the infall rate and infall velocity, and r and ρ the core radius and density (see also Qiu et al. 2011; Beuther et al. 2012a ). We estimate the radius as r = 250 AU, which is half our spatial resolution limit, corresponding well to the area where absorption is present (Figure 2 , left panels). The estimated density ρ ∼ 1.2 × 10 9 cm −3 results from assuming that the peak column density derived above is distributed along the line-of-sight at our spatial-resolution limit, i.e., 500 AU. The infall velocity can be estimated to 3.2 km s −1 , which corresponds to the difference between the most red-shifted absorption at ∼ −54.1 km s −1 , and the v lsr ∼ −57.3 km s −1 . With these numbers, we derive an infall rate ofṀ in ∼ 3.6 × 10 −3 M ⊙ yr −1 . This estimate is approximately a factor 20 lower than the infall rates derived previously from the 1.36 mm line data (Beuther et al., 2012b) . The main difference stems from the higher spatial resolution of the new data that enters the equation forṀ in through r 2 . Adding in the higher upper level energy of the HCN(4 − 3)v 2 = 1 line, the new value should resemble the actual accretion rates better than the previous estimate. To additionally improve our 1D spherical infall estimate into a 2D disk geometry, we follow the arguments given in Beuther et al. (2012b) : Considering that the accretion does not occur in a spherical mode over 4π but rather along a flattened disk structure with a solid angle of Ω, the actual disk infall rateṡ M disk,in should scale likeṀ disk,in = Ω 4π ×Ṁ in . Based on the simulations by Kuiper et al. (2012) and R. Kuiper (priv. comm.) , the outflow covers approximately an 120 degree opening angle, and the disk 60 degree (to be doubled for the north-south symmetry). Since the opening angle does not scale linearly with the surface element, full integration results in ∼50% or ∼ 2π of the sphere being covered by the disk. This then results in disk infall rates oḟ M disk,in ∼ 1.8 × 10 −3 M ⊙ yr −1 , which is still very high and in the regime of accretion rates required to form high-mass stars (e.g., Wolfire & Cassinelli 1987; McKee & Tan 2003) .
Outflow properties
The blue-and red-shifted outflow signatures in the H CO + (-3-2) line in the northeast-southwest direction come as a surprise at first sight. They appear aligned with the northeast-southwest axis of the rotating structure, almost perpendicular to the CO and mid-infrared outflow and still at a considerable angle to the ionized jet. The facts that the HCO + velocities are significantly higher than the rotational velocities measured in this direction by the CH 3 OH and HCN lines, as well as the inversion of blue-and red-shifted gas with respect to the rotational structure, strongly indicate that the HCO + emission traces different gas than do the other presented lines.
Additional information can be extracted from the spectra taken toward the blue-and red-shifted peak positions (Fig. 3) . These spectra clearly show the blue-and red-shifted line wings, but both spectra exhibit additional emission components. The spectrum toward the blue-shifted peak position has another component at ∼ −51.3 km s −1 that is red-shifted with respect to the v lsr . Correspondingly, the spectrum extracted from the redshifted peak exhibits an additional emission component at ∼ −78.6 km s −1 that is extremely blue-shifted compared to the v lsr . Combining these two spectra, we see that both lobes exhibit blue-and red-shifted emission. In an outflow scenario, this indicates that the outflow is aligned almost along the line-of-sight and that emission from both outflow lobes is found within the same observational beams. The projected molecular HCO + outflow geometry indicated by Fig. 2 thus does not really reveal the actual outflow geometry, but the outflow has to be aligned closer to the line-of-sight. This agrees well with the fact that we see infrared emission from a central object (e.g., Linz et al. 2009; Puga et al. 2010 ) from a region with such high column densities, hence visual extinction (see section 3.1) that should prohibit any emission at short wavelengths. With an outflow cone along the line-of-sight, the near-infrared emission can easily escape and reach the observer (e.g., Hofner et al. 2001; Linz et al. 2005) .
As already discussed in section 3.2.2, the proposed precession of the system has to be taken into account as well (Kraus et al., 2006) . This implies that the inclination of the outflow cone with respect to the line-of-sight can vary during different time steps in the evolution of the system.
Conclusions
These so far highest spatial-resolution submm observations of the dense dust and thermal gas around a high-mass protostar reveals several exciting results. For the first time, we have resolved fragmentation properties of the rotating inner core with at least three subsources within the inner 3000 AU. This is consistent with the high degree of multiplicity found for high-mass stars. The region also resembles structures found recently in hydrodynamical simulations of collapsing gas clumps. In addition to the fragmentation results, the data also clearly outline the importance of going to shorter wavelengths to identify such fainter structures because the ν 4 frequency dependence strongly outweights the poorer atmospheric conditions at shorter wavelengths.
Identifying red-shifted absorption signatures of infall motions from a high-excitation temperature (E u /k ∼ 1050 K) tracer like the HCN(4 − 3)v 2 = 1 line on scales ≤ 500 AU from the central protostars allows us to estimate infall rates around 1.8 × 10 −3 M ⊙ yr −1 . Although it is unclear what fraction of the gas actually falls on the star, such inner core/disk infall rates are among the best proxies of the actual accretion rates we can get at that early evolutionary stage.
The outflow exhibits blue-and red-shifted emission on both sides of the central object. This can only be explained by an outflow cone opening almost along the line-of-sight, hence emitting blue-and red-shifted gas within the same observational beam. Such a line-of-sight outflow is also prerequisite for the simultaneous detection of extremely high visual extinction values (on the order 10 5 mag) and at the same time infrared emission from the central object.
Collimated and jet-like outflows are usually considered to require stable central, most likely Keplerian disks, and the search for these objects is still open. Although we clearly identify rotational signatures of the core on ∼3000 AU scales, even at our resolution limit of 500 AU we are not able to identify Keplerian velocity signatures. The difficulty to identify disks during early evolutionary stages has also recently been reported for low-mass class 0 sources (Maury et al. in prep.) . Identifying and studying these low-and high-mass accretion disks during the earliest evolutionary stages remains one of the exciting topics in high-mass star formation for the coming years.
While these observations are at the edge of the capabilities of currently existing (sub)mm interferometers, they outline the immense potential of ALMA and NOEMA in that field.
